Boudicca is a gypsy-like, long terminal repeat (LTR) retrotransposon that has colonized the genome of the human blood fluke, Schistosoma mansoni. Previous studies have indicated that more than 1000 copies of Boudicca reside within the S. mansoni genome, although many of them may be degenerate and inactive. Messenger RNAs transcribed from genomic copies of Boudicca were investigated by reverse transcription PCR. Overlapping RT-PCR products corresponding to the gag and pol polyproteins of Boudicca, along with relevant sequences of genomic fragments of Boudicca, were assembled into contigs. Consensus sequences from these contigs were used to predict the sequence and structure of transpositionally active copies of the Boudicca retrotransposon. They verified that Boudicca has a kabuki-like Cys -His box motif at the active site of its gag protein, a classic DTG motif as the active site of the protease domain of the pol ORF2, and indicated a contiguous integrase domain at the C-terminus of pol with strong identity to integrase from the LTR retrotransposons CsRn1 and kabuki, as well as to the conserved integrase core domain, GenBank rve (pfam00665). Models of the secondary structure of the Boudicca transcript suggested that the first AUG was occluded by a stem loop structure, which in turn suggested a method of regulation of expression, at the level of translation, of Boudicca proteins. In addition, phylogenetic analysis targeting discrete domains of Boudicca revealed a generalized radiation in sequences among the multiple copies of Boudicca resident in the schistosome genome. D
Introduction
Uncontrolled mobilization of retrotransposons can be expected to be detrimental to their host genomes. RNA silencing systems and other mechanisms have evolved to protect the genome from deleterious movements of mobile genetic elements, among other functions (Plasterk, 2002) . Further, regulation of gene expression based on mRNA secondary structure has been observed in viruses (Hohn et al., 2001 ) and in mobile genetic elements including the IS200 insertion sequence (Beuzon et al., 1999) . Some species appear to limit accumulation of excessive numbers of mobile genetic elements (Petrov et al., 2000) , resulting in smaller genomes with a higher percentage of host genes than those of related species. In turn, retrotransposons can be expected to have evolved strategies to self-limit proliferation in order to avoid overwhelming their host genome.
Schistosoma mansoni, the African blood fluke, is endemic throughout much of Africa, Latin America and the Caribbean, and is one of the three major species of the genus Schistosoma that parasitize humans. Schistosomiasis, the most important of the human helminthiases in terms of morbidity and mortality (Crompton, 1999) , has often proved refractory to control by the more conventional public health approaches. Molecular approaches aimed at the development of new drugs, vaccines and/or diagnostics can be expected to complement more conventional interventions (Colley et al., 2001) . Mobile genetic elements colonizing the chromosomes of S. mansoni are of interest both for their influence on the evolution and structure of the schistosome genome and for their potential in developing tools for schistosome transgenesis . Recently, a new long terminal repeat (LTR) retrotransposon was characterized from the S. mansoni genome and designated Boudicca (Copeland et al., 2003) . As with other retrotransposons, many copies of Boudicca are likely to be inactive and/or degenerate (e.g., Deininger and Batzer, 2002) . Indeed, the contiguous genomic copy reported by Copeland et al. (2003) included a number of apparent mutations that may disable its capacity to retrotranspose and replicate.
Here, we investigated the sequence and structure of active forms of Boudicca by examination of transcripts of Boudicca and of sequences of genomic copies of Boudicca from the chromosomes of S. mansoni. These investigations confirmed that Boudicca belongs to the newly characterized kabuki/CsRn1 assemblage of gypsy-like LTR retrotransposons (Abe et al., 2000; Bae et al., 2001) , and that numerous sequence variants of Boudicca are interspersed throughout the S. mansoni genome. Further, they indicated that Boudicca may regulate its mobilization and proliferation in the schistosome genome by using alternative translation initiation sites in transcribed copies of this retrotransposon.
Materials and methods

PCR and RT-PCR
To obtain schistosome RNA, mixed sex adult worms of S. mansoni, cultured as described in Copeland et al. (2003) , were homogenized in lysis buffer (RNeasy RNA extraction kit, Qiagen) using disposable micro-pestles. Residual DNA was removed by digestion with RNasefree DNAse (Promega). The schistosome RNA was precipitated to remove the DNAse, dissolved in RNase-free water and employed as the template for oligo-(dT) primed reverse transcription by reverse transcriptase (RT) (Moloney Murine Leukemia Virus H( À ) Point Mutant RT) (Promega). The resulting cDNA was used as the template for PCRs designed to generate overlapping fragments spanning the protein-encoding open reading frames (ORFs) of Boudicca. PCR amplification was accomplished using the following thermal cycling conditions: denaturation for 4 min at 94 jC; incubation for 2 min at 94 jC, followed by the addition of 2.5 units of TaqPolymerase; 30 cycles as follows: denaturation for 1 min at 94 jC, annealing for 1 min at temperature 57 -65 jC (depending on specific primer pairs), extension for 2 min at 72 jC; a final extension at 72 jC for 20 min (Copeland et al., 2003) . Sequences of oligonucleotide primers used for RT-PCR amplifications, regions and sizes of regions targeted for amplification, and the locations of the RT-PCR amplicons in relation to the Boudicca copy localized in S. mansoni BAC clone 53-J-5 are illustrated in Table 1 and Fig. 1. 
Sequencing and analysis of RT-PCR products
PCR products were sized by electrophoresis through agarose, stained with ethidium bromide, photographed under UV light and cloned into the plasmid vector pGEM-TEasy (Promega). The recombinant inserts were sequenced on both strands using T7-and SP6-specific primers and ABI BigDyek Terminator chemistry (ABI, Foster City, CA) and an ABI Prism 3100 sequencer at the Center for Gene Therapy, Tulane University, after which the sequences were edited to remove vector-specific sequences using VecScreen (www.ncbi.nlm.nih.gov). Subsequently, nucleotide and/or deduced amino acid sequences from the amplicons were employed to interrogate the non-redundant database in GenBank, www.ncbi.nlm.nih.gov, using BLASTX and BLASTP. 2.3. RNA secondary structure prediction, splice site prediction RNA secondary structures were predicted using the program RNAfold of the Vienna RNA package (Hofacker et al., 1994; Hofacker, 2003) using energy parameters from Mathews et al. (1999) . These predictions were undertaken on the 5858 bp Boudicca sequence in BAC clone 53-J-5 (Copeland et al., 2003) . The positions of splice sites were predicted using the NetGene2 program (http://www.cbs.dtu.dk/services/NetGene2/), according to the algorithms of Hebsgaard et al. (1996) and Brunak et al. (1991) .
Bacterial artificial chromosomes
Le Paslier et al. (2000) described the construction and partial characterization of a bacterial artificial chromosome (BAC) library of the S. mansoni genome. The library, constructed in the BAC plasmid vector, pBeloBac11, using genomic DNA from cercariae of a Puerto Rican strain of S. mansoni partially digested with Hind III, consists of f 21,000 clones, with an average insert size of f 120 kb, providing f 8-fold coverage of the S. mansoni genome (estimated size of haploid genome, 270 Mbp). Numerous BAC end sequences determined from randomly selected clones from this library have been deposited in the public domain, and organized into a searchable database at The Institute for Genomic Research (TIGR) (http://tigrblast.tigr.org/euk-blast/index.cgi?project= sma1). Sequences of RT-PCR products representing fragments of Boudicca transcripts (Section 2.2) were employed as the BLAST query to interrogate the TIGR database of S. mansoni gDNA BAC end sequences, and were also compared with the sequence of BAC 53-J-5, which includes the full length, contiguous copy of Boudicca. The GenBank accession numbers of TIGR BAC end sequences used here are listed in Table 2 . 
Primers (arrows) and products (boxes) of RT-PCRs designed to span the ORFs of the Boudicca retrotransposon, aligned with the map of the 53-J-5 copy of Boudicca. RT-PCRs using primer sets including either the first start codon of gag or the unknown ORF 3Vof integrase were unsuccessful.
Phylogenetic analysis
In order to characterize the diversification and conservation of a sample of discrete genomic copies of Boudicca, and to compare these sequences with those of the transcribed sequences obtained by RT-PCR, phylogenetic trees were constructed based on six discrete domains of the Boudicca genome. The six specific domains of the 53-J-5 copy of Boudicca used to interrogate the TIGR database of BAC end sequences were (1) gag, from nt 505 -1332 of the 5.8-kb copy of Boudicca in BAC clone 53-J-5, (2) protease (nt 1298 -1922), (3) reverse transcriptase (nt 1923-2458), (4) RNase H (nt 2459 -2919), (5) the 5V -region of integrase (5V-IN) (nt 2920 -3447) and (6) the 3V -region of integrase (3V -IN) (nt 3430 -4428). Alignments of the BAC end sequences located by BLAST searches and generation of bootstrapped phylogenetic trees were accomplished using CLUSTALX (Thompson et al., 1997) and Njplot Unrooted (Saitou and Nei, 1987) software, with assistance from the MacVector software suite (Accelerys, Burlington, MA). Positions with gaps were excluded and branch length ratios were preserved upon transfer into PowerPoint for display. Alignment and tree files can be found at http://www.bioinf. uni-leipzig.de/Publications/SUPPLEMENTS/Boudicca/.
Expressed sequence tag (EST) analysis
BLAST searches of the non-human, non-mouse EST database of GenBank, which included 139,064 S. mansoni ESTs (dbEST release 100303), were carried out to locate additional, informative sequences representing transcripts of Boudicca. The contiguous 5858 bp of the copy of Boudicca located within BAC 53-J-5 (Copeland et al., 2003) were used as the query.
GenBank entries
Nucleotide sequences reported here have been assigned accession numbers AY308018, AY308019, AY308020, AY308021, AY308022, AY308023, AY308024, AY308025 and AY308026.
Results
Boudicca transcripts
Previous findings indicated that the copy of Boudicca within BAC 53-J-5 was of full-length and included domains required by an active LTR retrotransposon. On the other hand, it exhibited several apparent mutations that may preclude independent retrotransposition (Copeland et al., 2003) . These mutated regions were investigated using bio- (Copeland et al., 2003) , were not represented in these S. mansoni ESTs. RT-PCR amplifications were therefore performed with the aim of generating overlapping fragments spanning the protein coding regions of the Boudicca genome (Fig. 1B) . Amplicons from the RTPCRs were cloned and sequenced. These clones have been designated RC1 through RC6. RC1 (GenBank AY308018) and RC4 (AY308019) span gag and the 5V-end of pol, RC2 (AY308020) and RC5 (AY308021) span the central regions of pol, and RC3 (AY308022) and RC6 (AY308023) span the 3V -regions of pol (Fig. 1B) . Our attempt to amplify using primers from within an uncharacterized coding region immediately downstream of integrase, at the position where an envelope gene could be located, based on the domain structure of gypsy, was not successful. (PCR from genomic DNA was successful [not shown]. These PCR products have been assigned accession numbers AY308024, AY308025 and AY308026.) The splice site detection program NetGene2 indicated that a splice site at the 5V -terminus of this region is a donor, rather than an acceptor site (not shown). Thus, this ORF appears to have been spliced in to the 53-J-5 Boudicca copy from a non-Boudicca source. Hybridization and PCR experiments using the S. mansoni BAC library indicate that this coding region is part of a low copy number gene not naturally associated with Boudicca (not shown).
RNA secondary structure model of Boudicca transcript suggests mechanism of regulation of transcription and translation
Although RT-PCR amplifications of the gag and pol regions of Boudicca were straightforward, we were not able to amplify the 5V -terminus of Boudicca using a primer targeting the first start codon, at nt position 505 of ORF1 of Boudicca (Table 1, Fig. 1B) . By contrast, RT-PCR from the next in-frame start codon, at nt position 622, amplified a product of the expected size (Fig. 1B, Table 1 ). PCR from genomic DNA was successful in both conditions (not shown). These contrasting outcomes led us to model the RNA secondary structure of the Boudicca contiguous sequence since secondary structure has been reported to influence transcription of other mobile sequences (Beuzon et al., 1999) . Because the precise start site of transcription within the LTR of Boudicca is not yet known, we modeled the complete LTR retrotransposon for this secondary structure prediction. The first 734 bp of this model is presented in Fig. 2 . Models of the Boudicca transcript without the LTR (starting at position 329) did not change the basepairing environment at the start of the gag open reading frame (not shown). Overall, the 5Vterminus of the Boudicca mRNA is rich in secondary structure, with three closely spaced stem-loop structures encompassing the first AUG and second AUG codons (positions 505-507 and 622 -624 Fig. 2 . Theoretical model of the RNA secondary structure of an unspliced Boudicca transcript showing potential stem-loop structures. Structure prediction was performed using the 5858-bp copy present in BAC 53-J-5 (a full-length contiguous copy). Only the first 734 nucleotides of the predicted structure are shown. Bases marked in gray are engaged in long range base pairs, mostly to positions close to the 3Vend. The first AUG of the ORF (marked in red) is buried in a hairpin structure that may prevent translation, whereas the AUG2 and AUG3 are situated in unpaired regions.
on the 53-J-5 sequence) (Fig. 2) . Of the first three in-frame start codons of this sequence, AUG1 is the least accessible, located within the stem of a hairpin structure. The next two possible in frame start codons, AUG2 and AUG3, are located in loops rather than within stems, and presumably are more accessible. Further, there was a short hairpin loop between AUG1 and AUG2; this could result in an RT-PCR product truncated at its 3V -end, i.e. the 5V -end of Boudicca, through pausing of the RT. In addition, this model of the mRNA of Boudicca included a stem loop 24 residues upstream of the first AUG, a structural feature correlated with negative effects on translation (Gray and Hentze, 1994) .
Transcribed Boudicca gag confirms a gag polyprotein of the Kabuki/CsRn1 type
The mRNA transcripts from ORF1 of Boudicca indicated the structure of a full length gag ORF, confirming that the stop codon truncating the copy in BAC clone 53-J-5 was a mutation (Fig. 3A) (Copeland et al., 2003) . Amplification of the gag region also verified Boudicca's unusual Cys -His box structure, characteristic of the Kabuki/CsRn1 clade of gypsy group retrotransposons, confirming the assignment of Boudicca into this newly defined clade (Fig. 3B) .
Analysis of BAC end and RT-PCR derived sequences
The six RT-PCR derived sequences (RC1-RC6) (Fig.  1B) were employed as queries to search the TIGR database of S. mansoni BAC ends. A number of sequences with strong matches to the Boudicca-associated transcripts were identified. These are listed in Table 2 according to the functional domains that they include: (1) gag, (2) protease, (3) reverse transcriptase, (4) RNase H, (5) 5V -Integrase and (6) 3V -Integrase. Analyses combining the genomic DNAs from BAC ends and the cDNAs from our RT-PCRs indicated DTG as the catalytic motif at the active site of Boudicca's protease. The 53-J-5 copy of Boudicca has DTD as its active site. The RT-PCR transcripts (clones RC1, RC4) of the protease region indicated that the structure of the active site of Boudicca is DTG. Alignment with several BAC end sequences encoding PR of Boudicca confirmed that the active site sequence of PR is DTG (Fig.  3C ). Whereas the LTR retrotransposon Tom also has the DTD motif, most other LTR-retrotransposons and indeed most aspartic proteases have DTG as the active site motif (Dunn, 1998; Copeland et al., 2003) .
We used this same method to analyze the Boudicca integrase sequence (Fig. 4) . This region, the most degraded part of the 53-J-5 copy of Boudicca, encodes one of the most important proteins for retrotransposition in terms of the stable integration of transgenes (Haren et al., 1999) . The RT-PCR products RC3 and RC6 (Fig. 1B) entire integrase gene region of pol. Using the RC3 and RC6 PCR products as a framework, overlapping BAC ends were combined to assemble a consensus of the entire integrase domain. This consensus sequence forms a single, uninterrupted open reading frame (Fig. 4A) , and includes the conserved integrase catalytic and zinc-finger domains (GenBank conserved domains pfam00665 and pfam02022). It also includes a COOH-terminal non-specific DNA binding domain with homology to CsRn1 (AAK07486), Kabuki (BAA92690) and, to a lesser degree, 412 (P10394), Osvaldo (CAB39733) and other LTR-retrotransposons. Amino acid alignments of this domain are presented in Fig. 4B .
Variability of Boudicca copies within the S. mansoni genome
Comparison of the mRNA transcripts in clones RC1-RC6 and copies of Boudicca from BAC clones shows differing patterns of conservation and divergence for six discrete domains of the Boudicca genome (Table 2, Fig. 5 ). RT and protease were the most highly conserved (note scale bars). The gag region, on the other hand, showed the most divergence. The placement of the transcript sequences within the tree of BAC genomic sequences indicates the diversity of specific regions of active copies. The 53-J-5 copy of Boudicca may be more, rather than less, recent, when compared with others of the 1000-10,000 copies, based on its identity to the transcribed copies. Close clustering of the 53-J-5 copy with the transcript sequences was especially evident in the least conserved regions, gag and RNase H.
Discussion
Sequences of the transcribed copies of Boudicca
The RT-PCR results presented here indicated that Boudicca is an actively transcribed LTR retrotransposon. By contrast, the RT-PCR results do not support the notion that Boudicca is actively replicated as an enveloped retrovirus-like retrotransposon. Although GenBank dbEST included fragments corresponding to this locus, we were unable to amplify mRNA using primers encompassing the integrase and part of the unknown coding region or from primers targeting only the unknown coding region downstream of integrase. Failure to amplify the third ORF using RT-PCR identified in the 53-J-5 copy of Boudicca, information from screening of the S. mansoni BAC library, and splice site analysis (not shown) suggested that this gene is of non-Boudicca origin, and may have been annexed through splicing of a gene fragment into this copy of Boudicca.
RNA secondary structure and reverse transcription
The region of the Boudicca mRNA encompassing the translation initiation site is rich in secondary structure, with three closely spaced stem-loop structures encompassing the first and second AUG codons (positions 505 -507 and 622 -624 on the 53-J-5 sequence) (Fig. 2) . The hairpin between the two start codons, in particular, could result in an RT-PCR product truncated at its 3V end (Boudicca's 5V end) if it induced pausing by the RT. Indeed, the fact that reverse transcription proceeded successfully to AUG2 (past AUG3, position 709 -711 on the 53-J-5 sequence) indicated that the hairpin at AUG3 (position 704 -719 on the 53-J-5 sequence) did not significantly impede the progress of the RT. Perhaps the proximity of the large stem at nt 550 -693 on the 53-J-5 sequence to this smaller stem interferes with the processivity of the RT. Alternatively, each of the several closely spaced hairpins might interfere with the processivity of RT, such that a gradient of transcripts is produced, with shorter transcripts predominating. In this case, it would be expected that a full length transcript including AUG1 would result only occasionally. Since S. mansoni ESTs span this region (e.g., AI395459 and AI067132), some transcripts that include AUG1 are produced. RNA secondary structure can adversely affect reverse transcription, based on the ability of the specific RT to denature the secondary structure of the template RNA (Brooks et al., 1995) . With HIV, for example, RT pause sites have been correlated with predicted hairpin structures of the RNA template (Suo and Johnson, 1997) .
4.3. Multiple in-frame start codons, accompanying mRNA secondary structure and regulation of copy number through translation
Retrotransposons can be thought of as genetic parasites which have coevolved with their hosts. As such, they have developed mechanisms to limit their adverse impact on the survival of the host genome, including methods to limit copy number (see Deininger and Batzer, 2002; Carr et al., 2000) . One possible method of copy number limitation is the interference with reverse transcription hypothesized to explain the truncated RT-PCR results discussed above. , B, C, D, E, F, G, H, I, J, K, L, B, C, D, E, F, G, H, I, J, K, L, M, N, O, P, Q, R, S, T, B, C, D, E, F, G, H, I, J, K, L, M, N, O, P, Q, R, S, B, C, D, E, F, G, H, I, J, K, L, M, N, O, P, Q, R, B, C, D, E, F, G, H, I, J, K, L, M, N, O, P, ; Q, 52-C-24 (rev); R, 52-C-24 (fwd); S, 41-E-11; T, B, C, D, E, F, G, H, I, J, 56 Since reverse transcription is an intrinsic part of retrotransposition, premature disengagement of RT would result in the insertion of truncated copies of the element into the genome. Another potential function of this RNA secondary structure is at the level of translation. One possible method of copy number limitation could be through the use of alternative in-frame start codons such that the fully functional protein is produced only occasionally. The secondary structure model, in tandem with the findings of the RTPCRs, presents the possibility that Boudicca may regulate its copy number through alternative translation initiation sites. Eukaryotic and prokaryotic genes generally lack secondary structure at the start AUG (Ganoza and Louis, 1994) . The first AUG of Boudicca, however, is located within the helix stem of a stem-loop structure, in contrast to the positions of the second and third AUG within loops. Ribosome binding can be reduced or even eliminated when a start codon is deeply embedded within secondary structure (Yun et al., 1996; Satchidanandam and Shivashankar, 1997) . Comparison of clones with equal overall stability of RNA secondary structure has shown that an AUG made inaccessible within a stem structure is correlated with highly attenuated expression levels (Wang et al., 1995) . In addition, RNA secondary structure upstream of start codons can impede translation (Gray and Hentze, 1994) ; the stem-loop structure found 5V of the first AUG could have this function.
In terms of the issue of accessibility, the RNA secondary structure of Boudicca appears to favor binding of the ribosome to AUG2 or AUG3 over AUG1 (Fig. 2) . These start codons are located in the more easily accessible loops, rather than the stems, of their associated stem-loop structures. The resulting truncated polypeptide could in turn contribute to element down-regulation if this shorter polypeptide is non-functional or subfunctional compared with the full-length version. Alternatively, the more accessible AUG2 or AUG3 may be the optimal sites for translation initiation. In either case, translation efficiency and/or choice of translation initiation site may be governed by RNA secondary structure, and may serve as a regulation point for element activity. Without experimental data to support this hypothesis on secondary structure/function, our interpretation remains speculative at this point. (Future analysis by 5V RACE and other techniques can be expected to determine the precise start sites of Boudicca transcripts.) Nonetheless, examples of control of expression by RNA secondary structure working together with other regulatory systems are known. For example, in plant pararetroviruses, the RNA secondary structure induces ribosomes to ''shunt'', or skip over, entire large stem-loop structures to target specific downstream AUGs, a process thought to be controlled by specific factors in the initiation complex (Hohn et al., 2001) . A critical role for host factors in the process of regulation is consistent with the notion of a presumed host influence on element activity (Plasterk, 2002) .
Unusual gag structure confirmed, copy-specific mutations resolved
In addition to illustrating the general structure of the transcript of Boudicca, the RT-PCR products also confirmed more specific primary sequence level motifs. The sequences of the individual RT-PCR products spanning the gag polyprotein confirmed both a continuous open reading frame for gag and the unique CHCC Cys -His Box characteristic of the Kabuki/CsRn1 clade, of which Boudicca is one of the few known members. On the other hand, the unusual DTD protease motif seen in 53-J-5V s Boudicca and in another gypsy group retrotransposon, Tom (CAA80824), was refuted in favor of the more common DTG motif. The most obviously degraded individual gene in Boudicca was that of integrase. Stop mutations and a frameshift mutation divided the integrase of the copy of Boudicca in BAC 53-J-5 into a series of small open reading frames. If Boudicca were to be used as a vector for transgenesis of S. mansoni, a continuous, functional integrase protein would be crucial, as this is the protein which mediates the stable integration of genetic material into the S. mansoni genome. The consensus integrase sequence formed by combining the Boudicca RT-PCR products with fragments of integrase obtained from BAC ends from the TIGR database has as its structure a single open reading frame. Moreover, the amino acid sequence is, for the overwhelming majority of the protein, clear, with few individual amino acids that are ambiguous. This transcript and multi-copy genomic based consensus could form a valuable tool as the first step of the process of back mutation which would be necessary if Boudicca were to be used as a transgenesis vector.
Evolution/phylogeny of the population of Boudicca copies
By placing the sequences of RT-PCR transcripts of specific regions within phylogenetic trees of corresponding BAC end fragments, it was possible to assign the 53-J-5 copy of Boudicca within the distribution of various Boudicca copies. This analysis also served to elucidate the level of divergence tolerated for each region and other patterns of divergence and conservation among copies of Boudicca. The well-characterized genomic copy of Boudicca in BAC clone 53-J-5 falls within the conserved cluster of Boudicca copies based on the RT-PCR products. This suggests that the 53-J-5 sequence represents a copy of Boudicca relatively close to the putative ''active'', or non-mutated, copy. BLAST searches of the TIGR BAC end database using the RT-PCR products as queries revealed a general pattern of a cluster of BAC end sequences similar to the RT-PCR sequences, with other BAC ends lying farther out in the tree (Fig. 5, Table 2 ). The two RT-PCR sequences from each area showed a tendency to cluster together.
In general, certain domains of LTR retrotransposons exhibit a greater degree of conservation than others (Li et al., 1995) . Through the use of the RT-PCR products and BAC end sequences, we have addressed the question of whether this is also true for Boudicca. Reverse transcriptase and protease showed the highest degree of conservation, while gag was the least conserved. Certain regions showed qualitatively different patterns from others, as well. Some, such as the 5Vend of integrase, showed a pattern of general radiation. This pattern may reflect a gene with a relatively high tolerance for mutation and reduced sequence stringency for functionality of the gene. The other pattern, exemplified by RNase H, was that of a tight cluster of closely related sequences, with other copies lying much farther out. This pattern could reflect a region with selection pressure for a conserved sequence, with the outliers corresponding to inactive, nonfunctional copies of the element. Finally, since the copy of Boudicca in BAC clone 53-J-5 is both contiguous and well characterized, and since it appears to be close in sequence to a recently active copy, it may be feasible to reconstruct an active copy of this retrotransposon, as has been accomplished with some other mobile genetic elements (e.g., Ivics et al., 1997) .
